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Eversion Endarterectomy versus Open Thromboendarterectomy and
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Objective: in 1996 we changed our treatment for stenosis of the internal carotid artery (ICA) from open thrombo-
endarterectomy and PTFE-patch plasty (TEA) to eversion endarterectomy (EEA).
Design: retrospective study.
Methods: a total of 475 EEAs of the ICA were performed between 2/96 and 11/96. These results were compared to the
results of TEA carried out between 2/94 and 11/94 (n=388).
Results: clamping and operation time were significantly shorter for EEA. Neurological complications included transient
ischaemic attacks in 1.0% in the EEA group versus 1.3% after TEA (p=0.72), minor strokes (0.6% vs. 1.8%, p=0.10)
and major strokes in 1.5% versus 1.1% (p=0.59). The rate of restenosis >50% was 2.5% after EEA and 10.2% after
TEA. The only detectable difference of statistical significance in complication rates was in the lesions of the hypoglossal
nerve (5.3% vs. 2.6%, p=0.04).
Conclusions: EEA of the ICA is a safe procedure for carotid reconstruction with the additional advantages of short
clamping time, possibility of simultaneous shortening of an elongated ICA, and no requirement for patching.
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Introduction Materials and Methods
Several prospective randomised studies have clearly Between February 1996 and November 1996 we per-
formed 486 operative revascularisation procedures ofdefined indications for carotid endarterectomy.1–3 The
standard surgical technique is a longitudinal ar- the ICA in 375 patients (111 patients underwent staged
bilateral EEA). These were compared with 352 patientsteriotomy of the carotid bifurcation and the ICA and
the open thromboendarterectomy (TEA) with or with- undergoing TEAs between February 1994 and No-
vember 1994 at the same clinic (36 patients underwentout patching.4–6 A recent prospective randomised trial
of 399 procedures showed superior results in the staged bilateral operation).
Besides a thorough neurological examination thepatched group in comparison to the direct closure
regarding the perioperative permanent stroke rates as preoperative investigations included c-w Doppler
ultrasound, colour-coded duplex ultrasound of thewell as the incidence of late recurrent stenoses.7 The
authors recommend the use of PTFE patches for those carotid artery, cerebral computed tomography with
application of contrast and intravenous digital sub-who wish to preserve the saphenous vein.
During recent years, eversion endarterectomy (EEA) traction angiography. All patients underwent a neuro-
logical and otorhinolaryngeal examination in theirof the ICA has been reported by several vascular
surgeons, mainly of European origin.8–12 This technique early postoperative course. C-w Doppler ultrasound
and colour-coded duplex ultrasound were used asis said to produce better or equal results using shorter
clamping and operation time. Therefore, we changed a quality control. Patients were followed up in our
vascular laboratory in 3-month intervals during theour treatment regimen from open TEA and PTFE-patch
angioplasty to the eversion technique in February 1996. first year after operation and in one-year intervals
thereafter. The follow-up investigations, besides clin-To evaluate both methods, we compared the outcome
of the patients in both groups retrospectively. ical and neurological examination, included c-w Dop-
pler ultrasound and colour-coded duplex ultrasound
of the ICA. All patients received 100 mg aspirin/day* Please address all correspondence to: Ch. Peiper, Surgical Clinic,
RWTH Aachen, Pauwelsstr. 30, D-52057 Aachen, Germany. indefinitely.
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Surgical Technique
The TEA is performed using the technique described
by Rhodes.6 The incision is closed by a prosthetic patch
using continuous sutures of CV6 PTFE sutures with a
PTFE-patch (0.4-mm ePTFE thin-walled cardio-
vascular patches, Gore-tex, W. L. Gore & Associates,
Elkton, MD, U.S.A.), or 6/0 polypropylene sutures
with a Dacron patch (Fluoropassive Thin Wall Carotid
Patch, Vascutek Ltd, Scotland), or vein patch.
To allow proper eversion during EEA the posterior
wall of the ICA also has to be free from adhesions to
the surrounding tissue. Preparation starts at a cranial
level of the ICA. After systemic administration of
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Fig. 1. Clinical symptoms of patients suffering from cerebrovascularbolisation during the complete preparation of the bi-
insufficiency in the EEA group (n=486) and in the TEA group (n=furcation. Then preparation is continued cranially 388). (F) EEA; (E) patch.
beyond the crossing of the ICA with the hypoglossal
nerve and caudally until the common carotid artery
is well exposed. After clamping of the vessels the
an intracranial flow velocity below 25 cm/s. The resultsICA is divided obliquely at the carotid bifurcation.
of the cerebral oxymetry were used as additionalFollowing eversion of the adventitial and outer medial
parameters, but did not indicate the need for shuntinglayers of the ICA over the atheromatous core the
on their own.plaque is removed. Any residual debris is removed
by fine forceps, until the remnant intimal layer is
connected firmly to the arterial wall. Routine tacking
sutures for the end point are not necessary. The external
and the common carotid artery are disobliterated as
Statisticsin the standard procedure. The re-implantation of the
ICA into the carotid bifurcation is carried out with
For statistical evaluation of the differences in the com-continuous 6/0 polypropylene sutures. Elongation of
plication rates in both groups the Chi-squared test andthe ICA causing kinking is corrected by longitudinal
the Student’s t-test were used. The level of statisticalincision of the CCA and more proximal implantation
significance was defined as p<0.05.or excision of the redundant ICA. Before finishing the
suture the ICA is dilated to prevent spasm and to
control the intimal endpoint again. The operation is
finished by reversal of the heparin, drain placement
and wound closure.
Results
The mean age of the patients in the EEA group was
Neuromonitoring 68.5 years (range 47–88 y). Within this group we had
to perform an open TEA and PTFE-patch closure in
All our operations are carried out under general an- 11 cases due to a significant early deterioration in the
aesthesia. An intraluminal shunt is used only on de- neuromonitoring parameters. The mean age of the
mand. This depends on the result of the intraoperative standard TEA group patient was 67 years (range
neuromonitoring, consisting of: 40–85 y). In 334 cases we used a PTFE-patch closure,
46 patients received a Dacron-patch closure, and in• somatosensory evoked potentials;
eight patients we used a venous patch for the closure• transcranial Doppler ultrasound;
of the arteriotomy.• transcutaneous cerebral oximetry.
Both groups showed a similar distribution of the
cerebrovascular symptoms (Fig. 1). Concerning theIn our study an intraluminal shunt was used if the
amplitude of the evoked potentials decreased below degree of stenosis, we observed patients with a high-
grade stenosis of 80% or more in 63% of the EEA50%, or the transcranial Doppler ultrasound showed
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Table 2. Neurological complications after EEA (n=475) or TEA
(n=388) of the ICA (TIA: recovery within 24 hours; minor stroke:
symptoms lasting more than 24 hours, complete recovery; major
stroke: permanent neurological defects).
EEA TEA p value
TIA (%) 1.0 1.3 0.72
Minor stroke (%) 0.7 1.8 0.12
Major stroke (%) 1.5 1.1 0.59
Neural lesions (%)
hypoglossal nerve 5.3 2.6 0.04
facial nerve 11.2 9.3 0.37
laryngeal recurrent nerve 2.3 2.1 0.84
2). In the TEA group seven patients died, three of
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them due to a major stroke. One more patient in this
Fig. 2. Degree of stenosis of the ICA in the EEA group (n=486) and group developed a non-lethal stroke postoperatively.
in the TEA group (n=388). (F) EEA; (E) patch. As regards new transient neurological defects, we
observed symptoms in 1.6% in the EEA and in 2.1%
in the TEA group, a difference which is non-significant.
We saw many peripheral nerve lesions, which were
Table 1. Local and general complications after EEA (n=475) or transient in 75% of the cases (Table 2). The rate of
TEA (n=388) of the ICA.
hypoglossal nerve injuries occurred significantly more
EEA TEA p value often in the EEA group.
We could follow 62% of the patients of the TEABleeding (%) 1.5 2.1 0.48
group with a mean follow-up of 28 months and 73%Infection (%) 0.6 0.5 0.84
Early thrombosis (%) 1.0 0.8 0.69 of our EEA patients were observed over a mean period
Cardiac instability (%) 2.3 2.8 0.59 of 34 months. In the TEA group we saw a rate ofPneumonia (%) 1.0 1.3 0.72
restenosis >50% of 10% and 2.6% underwent re-Fatality rate (%) 1.0 1.8 0.33
operation due to symptoms of cerebrovascular in-
sufficiency. EEA patients had a restenosis >50% in
2.5% of the cases and three patients (0.75%) underwent
re-operation. Due to the low follow-up rate we made
no statistical evaluation.group and in 69% of the TEA group (Fig. 2). The
percentage of stenosis greater than 90%, however, was
higher in the TEA group (36% vs. 23%). Depending
on the results of the neuromonitoring parameters,
Discussionshunting was necessary in 5.7% of our patients, sim-
ilarly distributed in both groups. The mean clamping During the period before introduction of the eversiontime was 25–8 minutes, and the mean operating time technique our standard procedure was the angioplasty54–13.1 minutes in the EEA group. In the TEA group of the ICA using a PTFE patch as a routine. In casesthe mean clamping and operation times were 34–10 where there was an increased risk of bleeding we usedminutes and 66–15 minutes, respectively. These dif- a Dacron patch as material of second choice. This wasferences were of statistical significance (p<0.05). necessary in 12% of our operations and 2% of ourThe rate of complications is presented in Table 1. revascularisations required venous patch plasty dueWe observed a similar incidence of surgical com- to an increased risk of infection. The eversion techniqueplications in both groups. General complications were was published by Raithel and Kasprzak in Germany.12rare. Mortality was mainly due to myocardial in- The main advantages of this technique are:farction. During the first 30 days we lost five patients in
the EEA group, three because of myocardial infarction, • reduced time of clamping and operation due to the
reconstruction without patch plasty, which has itsone due to pneumonia and one following a major
stroke. This patient was operated upon in an emer- own problems and risks;13–15
• the lower risk of restenosis resulting from the longgency situation for an acute stroke and did not recover
postoperatively. Altogether, seven EEA patients de- and oblique anastomosis;10
• more favourable flow dynamics due to stretchingveloped a postoperative major ischaemic stroke (Table
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Table 3. Results in literature after EEA of the ICA.
Major Fatality Restenosis
Author n TIA (%) stroke (%) rate (%) (%)
Kasprzak ’9225 122 0.8 1.6 0.8 1.9
Cooley ’939 31 0 0 0
Kieny ’9322 212 1.9
Reigner ’9524 65 0 0 1.5 0
Darling ’9610 449 0.7 0.9 1.1 0.2
Cao ’978 274 2.6 2.2 0.4 2.2
Entz ’9711 739 0.95 0.95
Own results 475 1.0 1.5 1.1 2.5
of the ICA and avoidance of a perianastomotic difference also reached statistical significance.11 The
hypercompliant zone at the end of the patch;16 rate of intraoperative injuries of the hypoglossal nerve
• the simultaneous correction of an elongated ICA – was increased in our EEA group. This might be due
necessary in up to 55% of the cases.10,16 to the more extensive preparation of the cranial seg-
ment of the ICA for proper eversion, which is notElongation of the ICA causes kinking of haemo-
necessary in the open TEA. The expected increaseddynamic relevance in only 10% of preoperative in-
rate of bleeding due to the use of prosthetic materialvestigations, but if not corrected may be responsible
in the patch-plasty group could not be verified. Thefor postoperative restenosis.17 Due to restricted staff
literature, however, reports relevant needle-hole bleed-in a community hospital we were only able to follow
ing following PTFE patch plasty.19,20 This situationup 585 patients. However, despite incomplete follow-
occurs also despite a needle/suture diameter ratio ofup, we could observe a decreased rate of restenosis
1:1. In the eversion technique no risk of needle-holeusing the EEA technique which agrees with the lit-
bleeding exists due to the absence of PTFE-graft ma-erature (Table 3). Restenosis rates for patients under-
terial. The rate of postoperative infections showed nogoing direct closure or patch plasty after TEA is
difference in both groups. Theoretically, a prostheticreported between 1.1 and 13.5% in the current lit-
patch might increase the risk of deep-wound infectionerature (Table 4). Even the Rhodes group reported an
but this was not found.overall rate of 3.7% restenosis and 2.4% patients had
One intraoperative situation may lead to a switcha restenosis of 80% or higher after PTFE-patch-plasty
from the EEA to the conventional TEA technique. Ifclosure.6 In comparison to the eversion technique, Baan
the neuromonitoring parameters show a significantet al. showed a significant decrease in the elasticity of
decrease during test clamping in the first minute shunt-the carotid-bifurcation wall caused by a Dacron patch.18
ing is required. This might be difficult using the ever-This increases turbulence in the operation region,
sion technique in the presence of a high-grade stenosis.which may be one of the causes leading to an elevated
We performed a longitudinal incision of the anteriorrate of restenosis after patch closure.
wall and inserted a shunt. Under shunting protection,Another advantage of the eversion technique is the
open TEA and PTFE-patch closure is carried out.reduced clamping time. Despite the policy of early
However, in our group this was performed in 2.3% ofclamping to prevent intracerebral embolism, we ob-
the patients. High extension of the plaque does notserved a significantly reduced clamping time in our
lead to technical failure, but to a more extended pre-operations from 34 to 24 minutes. Entz and co-workers
reported the same observation. In their study, this paration of the ICA beyond the hypoglossal nerve
Table 4. Results in literature after TEA of the ICA.
Major Fatality Restenosis
Author n TIA (%) stroke (%) rate (%) (%) Closure technique
Kieny ’9322 156 13.5 Direct closure
Gonzalez ’9423 50 0 2 2 4 PTFE patch
Gelabert ’954 268 1.5 0.7 0.4 7.5 Direct closure
Rhodes ’956 924 0.4 0.9 0.6 3.7 PTFE patch
Darling ’9610 353 2.5 2 2 1.1 Direct closure
Cao ’978 240 0.4 3.7 0.8 5.8 PFE patch
Entz ’9711 715 2.9 2.9 Dacron patch
Own results 388 1.3 1.1 1.8 10.2 PTFE patch/Dacron patch
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jugular vein, and polytetrafluoroethylene: Long term follow-up.and occasionally including dissection of the bigastric
J Vasc Surg 1998; 27: 222–234.
muscle. Following this preparation, eversion is pos- 8 Cao P, Giordano G, De Rango P et al. Eversion versus con-
ventional carotid endarterectomy: a prospective study. Eur J Vascsible to a level that allows complete endarterectomy
Endovasc Surg 1997; 14: 96–104.under visual exposure.
9 Cooley DA, Colosimo LR. Eversion technique for carotid end-
The change of the operative technique from the open arterectomy. Surg Gynecol Obstet 1993; 177: 420–422.
10 Darling RC 3rd, Paty PS, Shah DM, Chang BB, Leather RP.TEA and PTFE-patch closure to the EEA did not
Eversion endarterectomy of the internal carotid artery: techniqueincrease our rate of complications. Even in comparison
and results in 449 procedures. Surgery 1996; 120: 635–639.
to the literature and considering the learning curve 11 Entz L, Ja´ra´nyi Z, Nemes A. Comparison of perioperative
results obtained with carotid eversion endarterectomy and withduring the first 100 procedures, our results are ac-
conventional patch plasty. Cardiovasc Surg 1997; 5: 16–20.ceptable (Table 4). The operations were carried out by 12 Raithel D, Kasprzak PM. The eversion endarterectomy – a
seven surgeons, some of them residents in training. new technique. In: Greenhalgh-Hollier, ed. Surgery for Stroke. 1st
ed. London: W. B. Saunders Co. Ltd, 1993: 183–191.In conclusion, EEA of the ICA is a safe procedure
13. Riles TS, Lamperello PJ, Giangola G, Imperato AM. Rupturewith the additional advantages of short clamping time, of the vein patch: a rare complication of carotid endarterectomy.
the possibility to shorten an elongated ICA, and avoid- Surgery 1990; 107: 10–12.
14 Yamamoto Y, Piepgras DG, Marsh WR, Meyer FB. Com-ance of prosthetic patches. In 1997, this technique was
plications resulting from saphenous vein patch graft after carotidused in 42% of all carotid reconstructions in Germany.21 endarterectomy. Neurosurgery 1996; 39: 670–675.
The level of these results may serve as a gold standard, 15 Kasprzak PM, Raithel D. Eversionsendarterektomie der A.
carotis versus konventionelle TEA. Ergebnisse einer pro-which will have to be reached by new techniques such
spektiven randomisierten Studie. VASA 1992; 35: 86–87.as angioplasty or stenting. 16 Fraunhofer S, von Sommoggy S, Maurer PC. Carotis-Ever-
sions-TEA. Fru¨h- und Spa¨tergebnisse im Vergleich zur TEA mit
Patchplastik. VASA 1992; 35: 23–24.
17 Coyle KA, Smith RB 3rd, Chapman RL et al. Carotid artery
shortening: a safe adjunct to carotid endarterectomy. J Vasc Surg
1995; 22: 257–261.References
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